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Geothermal energy is a clean, renewable, base load (always available) energy
source. Advances in geothermal technology are making it possible to produce electricity
at temperatures heretofore thought impossible. The last geothermal assessment of
Mississippi was in 1976 and focused on extreme southern areas of the state. The
conclusion of this assessment was positive, yet no further studies have been completed.
Recent geothermal resource maps of Mississippi show the potential for thousands of
megawatts of this unlimited energy source. This assessment focuses on Oktibbeha
County in North Central Mississippi, an area of active fossil fuel production. Well logs
were reviewed to gather bottom-hole temperatures, mathematically normalized and used
to create a thermal gradient map of the county. The map shows temperatures exceeding
160°C, well above the 135°C needed for geothermal binary production, in western
Oktibbeha County beginning at depths of around 4,000 meters.
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CHAPTER I
INTRODUCTION

The objective of this project is to refine the heat resource assessment of
Oktibbeha County, Mississippi for the purpose of geothermal energy utilization. It is
hypothesized that a refined assessment, with greater resolution, would show temperatures
in the study area are higher than previously suggested. It is also hypothesized that
average temperatures needed to produce geothermal energy via a binary cycle geothermal
system, 135° C, are present in Oktibbeha County at depths previously drilled.
The United States Energy Information Administration estimates that the average
American household uses 12,000 kWh of electricity per year (www.eia.gov, 2012). In
2011, Southern Methodist University researchers led by Dr. David Blackwell, in a project
funded by Google, Inc., calculated that at 14% recovery, Mississippi had an estimated
geothermal potential of over 60,000 megawatts (http://www.google.org/egs/, 2012),
which is enough to supply electricity to over sixty million homes. As a point of
comparison, according to 2010 United States Census Bureau data, Mississippi currently
has less than 1.3 million homes (www.census.gov, 2012). Exploitation of this vast
energy source could put Mississippi in the position of becoming an energy exporter.
It is likely actual temperatures found in some subsurface areas of Mississippi are
higher than the estimates provide by Blackwell (2011). The numbers generated by
Blackwell (2011) are based on data from only 27 collection sites in Mississippi. The 27
1

localities were sampled in the 1970’s geothermal investigation by the Department of
Energy, and none of them were located in Oktibbeha County (Richards, 2012). The
resolution of geothermal data, for Mississippi is, therefore, low. A new assessment of the
thermal gradient is needed to verify the true geothermal potential in the state of
Mississippi. The particular area of interest in this study is Oktibbeha County.

CHAPTER II
BACKGROUND

Geothermal energy is heat energy from the earth. Each year more than the
equivalent of 100 million GWh of heat is conducted to the surface of the earth from the
interior (DiPippo, 2011). In comparison, the world energy budget is currently around 26
million GWh (iea.org). This energy is available globally, however, temperatures high
enough to utilize for generation of electricity at economically accessible depths are not
global (DiPippo, 2011). In areas where this energy is accessible it is in the form of
radiant heat from the earth’s crust, a radiant heat that is constantly being replenished.
Often these resources are accompanied by surface manifestations such as the geysers in
Yellowstone National Park, boiling mud pits in Nevada, or hot springs such as those
found in Long Valley Caldera, California. These manifestations, however, are not always
present in areas with subsurface temperatures adequate for production of geothermal
energy.
2

Geothermal energy is utilized by numerous methods. The first and oldest means
of harnessing geothermal energy is direct use where the geothermal fluid is used directly
to fill some thermal requirement such as heating. It is proposed that humans have been
using surface manifestations of geothermal energy for as much as 30,000 years.
Archeological evidence suggests that ancient peoples located themselves near
manifestations such as hot springs and it stands to reason they made use of them for
activities such as cooking and recreation as well as perceived medicinal or spiritual
properties of the water (Cataldi et al., 1999). Today, direct use geothermal is applicable
in almost any industry that has thermal requirements. It is currently being used in
agriculture, aquaculture, residential heating and many other ways (Fig. 2.1) (Lienau,
1991).

Figure 2.1

Direct use heating - agriculture and aquaculture near Klamath Falls,
Oregon

Geothermal energy is also utilized by means of geothermal heat pumps or ground
source heat pumps. As this form of utilization does not require a temperature resource
3

greater than the average geothermal gradient of the shallow subsurface which is actually
a product of solar energy, it is often not considered as part of the geothermal energy
profile. Geothermal heat pumps use low grade temperatures with refrigerants to power a
heating and cooling system (Fig. 2.2). This particular utilization might be more
appropriately categorized as an energy efficiency technology as opposed to geothermal
technology. Geothermal heat pumps are currently used worldwide.

Figure 2.2

Schematic of Geothermal Heat Pump/Ground Source Heat Pump
(www.hdgeothermal.co.uk)

The third utilization of geothermal energy is for generation of electricity.
Generation of electricity by geothermal energy is the only renewable base load electricity
4

source. A source is considered base load when it can be delivered to the grid on demand
at any time (Glassley, 2010). In contrast, other renewable resources such as wind and
solar, are not always available and therefore cannot supply base load requirements to
power purchasers.
Generation of electricity by geothermal energy is accomplished by several
different methods depending upon the type of resource. Vapor-dominated systems,
liquid-dominated systems, low temperature binary cycle systems and EGS or engineered
geothermal systems are all means of utilizing geothermal energy and each requires
unique technology.
Vapor dominated systems, also called dry steam systems, such as the Geysers in
northern California, are systems where the accessed reservoir produces water only in its
vapor phase. These types of systems are the most efficient and produce an average of 40
MW per unit. The reservoir produces vapor, which is accessed via a production well.
The steam is directed to the turbine and after use is injected via an injection well (Fig.
1.1). Currently, there are two major vapor dominated fields in production, the Geysers,
California and Larderello, Italy. Both fields have numerous production facilities. Vapor
dominated systems account for approximately 27% of the total geothermal capacity
worldwide (DiPippo, 2011).

5

Figure 2.3

Schematic of Dry Steam Power Plant (www.eere.energy.gov)

Liquid-dominated systems account for over 50% of geothermal energy production
worldwide. These systems can produce between 1-120 MW per facility (DiPippo, 2011).
Depending upon the reservoir temperature and the company producing the well, either a
single or double flash system is used. In a single flash system, the geothermal fluid is
flashed to steam, used to produce electricity, condensed and injected back into the
subsurface (Fig 1.2). In higher temperature systems, the fluid is flashed twice (Fig 1.3).

6

Figure 2.4

Schematic of Single Flash Power Plant (www.geosyndicate.com)

7

Figure 2.5

Schematic of Double Flash Power Plant (Guzoviü et al., 2012)

Binary cycle power plants are the most numerous type of geothermal power plants
though they account for a smaller percentage of total production of geothermal energy.
Binary cycle power offers the ability to utilize lower temperature systems, ranging from
85°C-170°C, and also are the only closed loop geothermal power plant. The geothermal
fluid from the production is used to heat a secondary or binary fluid, via a heat
exchanger, that flashes at temperatures around 25°C, depending on the fluid used.
Isopentane is a commonly used binary fluid that flashes, or boils, at 28°C. The
secondary fluid is then condensed and sent back through the heat exchanger. The
produced geothermal fluid is injected back into the reservoir (Fig. 1.4). These systems
account for less than 7% of electricity that is geothermally produced. Most systems
produce around 3 MW of power; however, advancing technologies could see systems of
up to 20 MW (DiPippo, 2011). For the purpose of this study, the relatively low
temperature, 135°C, is the current minimum standard temperature required to be able to
produce electricity with a binary cycle system.

8

Figure 2.6

Schematic of Binary Cycle Geothermal Power Plant
(www.nevadageothermal.com)

Enhanced Geothermal Systems, commonly known as EGS, is the current popular
trend in geothermal energy production. EGS is utilized in systems that are so called “hot
dry rock” systems. The temperatures in this system are sufficient but the system either
lacks permeability or an active reservoir. The system is hydraulically fractured to induce
permeability (Fig. 1.5). Ideally, this will become a closed loop system with the injected
cold water being flashed, used, condensed and re-injected (DiPippo, 2011). Desert Peak
2, an Ormat Technologies facility, was the first EGS system to go on the grid in the
United States in April 2013 (Cichon, 2013).

9

Figure 2.7

Schematic of Enhanced Geothermal System – EGS (www.eree.energy.gov)
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CHAPTER III
LITERATURE REVIEW

In the 1970’s several events led to increased interest in geothermal exploration in
the United States, one of which was the formation of the Geothermal Energy Association.
(http://www.eere.energy.gov/, 2012). The Geothermal Energy Association is a trade
association focused on expanding research and development in the geothermal field to
increase the use of geothermal energy production for electricity and promoting public
policies that encourage this expansion (www.geo-energy.org, 2012).

In 1974 the

government enacted the Geothermal Energy Research, Development and Demonstration
(RD&D) Act and following the creation of the Department of Energy in 1977, a
nationwide assessment of geothermal potential began. As the Department of Energy
campaign into geothermal assessment continued, a more cohesive network was formed
and

investments

from

both

the

public

and

private

sectors

increased

(http://www.eere.energy.gov/, 2012).
In recent years researchers, particularly at Southern Methodist University, have
worked to refine the temperature data used to assess geothermal potential. An initial
correction was made to the recorded bottom-hole temperatures using the Harrison et al.
correction (Harrison et al. 1983 in Blackwell, 2004). A second correction was then
added to account for the crossover point of the Harrison et al. correction. This crossover
occurs at about 3900 meters and at this point the correction begins to become negative.
11

The second correction was based on standard geothermal gradient and more accurately
matches equilibrium well data for depths over three thousand meters by increasing the
temperature 0.01 degrees C for every 500 additional meters (Blackwell, 2004). The most
recent example of this refinement is the Google Earth interactive map created by the team
at Southern Methodist University (http://www.google.org/egs/, 2012).
Mississippi, to date, has had one geothermal project developed. The project was
a hydrocarbon co-production system that utilized geothermal fluids that were produced
along with hydrocarbons to produce electricity near Laurel, in southern Mississippi. Gulf
Coast Green Energy in collaboration with Denbury Resources used the ElectraTherm
mobile modular unit with the goal of producing as much as 50 kWh of electricity from
hot water. The project was not as successful as hoped due to the increased ambient
temperature of the region (ElectraTherm, 2012).
Mississippi government resources are also valuable for the assessment of
geothermal potential. The Mississippi Oil and Gas Board website allows access to digital
copies of oil and gas well logs (http://www.ogb.state.ms.us/, 2012). Information such as
well location and temperature data is available through this resource. The Mississippi
Department of Environmental Quality offers maps such as structural and geologic maps
of areas being assessed (http://www.deq.state.ms.us/, 2012).
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CHAPTER IV
METHODS

Data Collection
Data were obtained directly from the Mississippi Oil and Gas Board website
(http://www.ogb.state.ms.us/, 2012). Well data for Oktibbeha County were exported
from the website using the well information section of the data menu and selecting a filter
to pull only Oktibbeha County. The complete report of all wells located within the county
was exported to an excel file (Fig. 3.1). Each well was then reviewed individually.
Latitude and longitude, if available were given in the Oil and Gas Board report. For most
of the wells the depth and temperature were available on the well log header (Fig. 3.2).
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Figure 4.8

Data Spreadsheet for Oktibbeha County
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Figure 4.9

Sample Well Log Header
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Data Reduction
Any well that did not include an image of the well log was not used. The criterion
for a useful well was: bottom-hole temperature, latitude and longitude, and recorded
depth. All well logs were entered on the data sheet, but only those that met the needed
criteria were used for creating the thermal gradient map of Oktibbeha County.
Data Processing
The bottom-hole temperature data available on the site would not necessarily
represent an equilibrium temperature. The skewed reading could be due to temperatures
being logged immediately following drilling. In this case the well temperature would not
be at equilibrium. Due to this, each bottom-hole temperature was mathematically
recalculated based on the formula used by the geothermal research team at Southern
Methodist University. The initial correction formula is the Harrison et al. correction
(Harrison et al. 1983 in Blackwell, 2004):

where z = depth in meters.
Adjustments ranged from 5.32°C at just over 1400 meters to as much as 19.09°C
at over 6500 meters. The recalculation formula was derived to adjust for climatic,
geologic, or equipment interference with the actual temperature at depth. The SMUHarrison correction is a second correction that is applied for deep wells, where the curve
starts to overturn and decrease in correction values (at 3,932 meters the correction is
approximately 19.07°C). Below this depth, the highest correction value is taken and an
additional 0.01°C is added for very additional 500 meter interval (Blackwell, et al.,
2012b). Units were changed from feet to meters and from Fahrenheit to Celsius, as
16

needed, for calculations. The calculation formula was not calibrated to Oktibbeha
County, but is a general form of the equation. To calibrate the equation more information
would have been needed such as mean surface temperature and identification of
subsurface formations being drilled. In the course of future research, once a well has
been identified that can be used to log temperature in the area, a more exact equation can
be formulated specific to Oktibbeha County.
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CHAPTER V
RESULTS

The Mississippi Oil and Gas Board website (http://www.ogb.state.ms.us/, 2012)
hosts records of 30 wells for Oktibbeha County. Of the 30 wells, 3 had no well log
scanned, 7 had no available latitude and longitude and 2 had no temperature data. The
remaining 18 wells were used to gather information regarding the availability of adequate
heat energy for geothermal production.
The highest temperature located was calculated at 166.34°C (331.41°F) at a depth
of about six and a half kilometers. The MS Fulgham well, API #23105200020001, is
located in the Maben field of Oktibbeha County (Fig. 4.1) and is classified as a plugged
and abandoned dry hole (http://www.ogb.state.ms.us/, 2012). The well was initially
drilled for natural gas exploration. A total of nine other wells were identified as having
temperatures exceeding 135°C, the minimum temperature required for the binary cycle
geothermal energy facility.

18

Figure 5.10

Arrow indicating location of the MS Fulgham Well
(http://www.ogb.state.ms.us/, 2012)
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Figure 5.11

Temperature vs. Depth Trend for Oktibbeha County

The data were also used to create a geothermal contour map of Oktibbeha County
using R, a program used for statistical graphics (Fig. 4.3). A formula was written for R
using recorded latitudes, longitudes, and adjusted bottom-hole temperatures. The formula
was then used to interpolate at what depth for each location a temperature of 135°C
would be reached. The map shows a steep low temperature geothermal gradient in eastern
Oktibbeha County ranging from 6,000 to 9,000 meters to reach 135°C. This seems to
follow lithological boundaries. In western Oktibbeha County the gradients show that the
20

optimum temperature is reached at 5,000 meters. The data actually show temperature
reached between 4,000-5000 meters.

Figure 5.12

Geothermal Temperature Gradient Contour of Oktibbeha County
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CHAPTER VI
DISCUSSION

The temperatures found in Oktibbeha County exceed previous estimations on the
most current geothermal maps of the United States. The latest, 2011 edition map created
by the research team at Southern Methodist University, sponsored by Google Inc.
(google.org/egs, 2012), shown in Figure 5.1, shows the average temperature at 6.5 km
depth to be around 100°C for Oktibbeha County.

The temperatures gathered and

normalized for this thesis are in some locations as much as 50°C higher that those
estimated on the Google map. The higher temperatures found in this study could indicate
potential geologic causation for this increased temperature reading that was not
represented in previous assessments.
When compared to the 1969 geologic map of Mississippi in Figure 5.2
(Thompson, 2011) the higher gradients found in this study appear to be clustered in
eastern Oktibbeha County where the Porters Creek, Wilcox and the Naheola formations
crop out. Well records submitted to the Mississippi Oil and Gas Board for the MS
Fulgham well indicate the formation at the depths drilled in Oktibbeha County, or at least
those exceeding the normal temperature gradient, is the Knox Formation. The
stratigraphy of the formations associated with the Knox Formation is presented in Figure
5.3 (Ryder, 2012). The Knox Formation is a Cambrian-Ordovician dolostone known to
22

show evidence of karst porosity. While several members make up the formation, the
Knox is known to contain saddle dolomite, which is associated with hydrothermal fluid
flow (Qing, 2008). In some areas of Kentucky this saddle dolomite formation shows
evidence of porosity associated vugs lined with dolomite crystals, believed to have been
precipitated from hydrothermal fluids (Pittenger et al., 2009).
The structural map of Mississippi, shown in Figure 5.4, documents two faults in
the area of the higher temperature wells (Gazzier, 1988). It is possible these faults allow
for the upward movement of hot geothermal fluid from deep in the crust, thus causing the
increased temperatures (Blackwell, et al., 2012a). The blocks associated with these two
faults could also host traps for geothermal fluid. Further investigation is needed to
determine if in fact these geologic occurrences are affecting the thermal gradient in
Oktibbeha County. A compilation map of data from the geologic map, the structural map
and the geothermal contour map is presented in Figure 5.5. The map shows the steep,
low temperature geothermal gradient corresponding well with the lithologic boundaries in
eastern Oktibbeha County. The gradient in western Oktibbeha, which shows the most
shallow depths to reach 135°C, is actually slightly off from the expected results. The
contour of 5,000 meters was expected to superimpose between the two faults in
Oktibbeha. The contour actually fell slightly north. This could be due to error in creating
the overlay, or simply statistical error due to having such a small number of data points.
There is, however, still evidence of higher temperatures near the faults. It should be
noticed that the hottest well is also in an area known for natural gas exploration,which is
indicative of elevated temperatures.

23

The greatest significance of this study for Oktibbeha County and Mississippi is
that it demonstrates the opportunity for Oktibbeha County to become home to a clean
energy-producing facility. Such a facility could provide an alternative to another lignite
coal operation in Mississippi, increase economic stability in the area, as well as
encourage further exploration of geothermal potential statewide. As geothermal
production increases, Mississippi could move from the top of the list of states that
consume the most electricity per capita, 9th according the Energy Almanac
(http://energyalmanac.ca.gov/electricity/us_per_capita_electricity-2010.html, 2013), to a
state that actually exports electricity.

Figure 6.13

Google Earth Temperature at Depth Map, 2011. The light green color of
Oktibbeha County represents temperatures at 6.5 km around 100°C.
(www.google.org/egs)
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Figure 6.14

Geologic Map of Mississippi (Thompson, 2011)
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Figure 6.15

Stratigraphy of Black Warrior Basin (Ryder, 2012)
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Figure 6.16

Structural Map of Mississippi – Oktibbeha County circled in red (Gazzier,
1988)
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Figure 6.17

Compilation Map of Oktibbeha County
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CHAPTER VII
CONCLUSIONS

Bottom-hole temperatures exceeding 135°C, a temperature sufficient for
geothermal binary power production, were found to be present in Oktibbeha County.
Mapping of the area suggests linear features in the north east part of the county. These
temperatures were found at depths previously drilled in Oktibbeha County. The most
likely cause for high heat flow in this area is either faulting or a lithological boundary.
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